(Accepted 253July 1980) Primary biliary cirrhosis: an epidemiological study DAVID R TRIGER Summary and conclusions A three-year study of primary biliary cirrhosis in the city of Sheffield disclosed 34 cases, a point prevalence of 54 per million population. Closer inspection showed an apparent clustering of cases, and the prevalence in relation to one water reservoir appeared to be more than ten times that of the other reservoirs. Nevertheless, analyses of the water showed no significant relevant differences between the reservoir serving areas with a high prevalence of cirrhosis and other reservoirs.
Despite the inconclusive results of the water analyses, these findings do suggest that an environmental agent may be a cause of primary biliary cirrhosis and that further epidemiological studies may help to elucidate the cause.
Introduction
Primary biliary cirrhosis is a rare disorder of unknown cause. Although large series of patients with the disease have been reported,' 2 these have come from major referral centres and have been based on the experience of many years. Little information, however, has been published on the epidemiology of this disease. This paper reports a study on the prevalence of Department of Medicine and Gastrointestinal Unit, Royal Hallamshire Hospital, Sheffield S10 2JF DAVID R TRIGER, DPHIL, FRCP, senior lecturer in medicine the disorder in the city of Sheffield and also examines factors which may contribute to the cause of primary biliary cirrhosis.
Patients-and methods
All physicians in Sheffield's two major hospitals (the Royal Hallamshire and Northern General Hospitals) were asked to report any patients with proved or suspected primary biliary cirrhosis who were alive at any time from 1 January 1977 to 31 December 1979. In addition all cases in which antimitochondrial antibodies had been reported by the immunology department at the Royal Hallamshire Hospital (the sole immunology laboratory for the city) were followed up by reference to the clinical records. The diagnosis of primary biliary cirrhosis was established on a combination of clinical, biochemical, serological, and histological criteria as defined by Klatskin and Kantor.' Liver biopsy results were available for all patients except two elderly women in whom the procedure could not have been ethically justified but in whom all other features were entirely consistent with the diagnosis. Three patients died before the histological diagnosis was established, but necropsy material was available. All the other data in this paper were derived from interviewing the remaining patients, specifically for this project.
The interview was to confirm that the clinical spectrum of the patients under study was comparable with that reported elsewhere for primary biliary cirrhosis and also to examine any possible environmental, genetic, and social characteristics. The study was restricted to patients living within the city boundary since areas adjacent to the city lay within the catchment areas of other hospitals.
Information on the population distribution within the city was obtained from the 1971 census. Data on the water supply to domestic households was provided by the Yorkshire Water Authority (Southern Division), which also provided information on the water analysis of the reservoirs supplying the city, based on regular routine checks. Further analysis of reservoir water for specific trace elements was carried out by Dr D R Ineson of the Department of Geology, Sheffield University, by atomic absorption spectrophotometry using both flame and heated graphite atomic techniques. Antimitochondrial antibodies were measured by indirect immunofluorescence using a rat kidney as the tissue substrate and polyvalent FITC conjugated swine antihuman immunoglobulin (Nordic Immunochemicals, Tilburg).
Results and comment
Thirty-four patients were identified as having primary biliary cirrhosis during the period under study. The population of Sheffield is 520 000, and during the three years of the study nine new cases were identified. This gives an annual incidence of 5 8 per million population. Twenty-eight patients with established primary biliary cirrhosis were alive on 31 December 1978 and the same number (although not all the same patients) were alive on 31 December 1979, giving a point prevalence for both dates of 54 per million. Thirty-one patients were alive at some stage during the year 1979, a period prevalence for the year of 59 per million.
The survey included only two men, the overwhelming female preponderance being consistent with other reports. The mean age at diagnosis was 58 8 years (34-79 years). Thirteen of the 34 patients were aged over 65 years. This was a higher percentage of elderly cases than is usually reported and probably reflected the general reluctance of physicians elsewhere to refer their older patients to specialist centres. The presenting features were typical of the disease, being pruritus (nine patients), abdominal pain (six patients), jaundice (six patients), anaemia (four patients), and ascites (one patient). In eight patients the diagnosis was established after chance observations (either incidental abnormalities on physical examination or the unexpected finding of abnormal liver function values, in particular a raised alkaline phosphatase value). Five of these patients subsequently developed symptoms attributable to primary biliary cirrhosis (three ascites and two pruritus), leaving only three truly asymptomatic patients. Table I shows the frequency of relevant symptoms and signs and biochemical and serological abnormalities in the 34 patients. Serum alkaline phosphatase values were raised in all patients, although in one they returned to normal for six months. Antimitochondrial antibodies were found in 33 patients, the single exception being a woman who had all the other classical features of primary biliary cirrhosis. In 30 patients the autoantibody was consistently positive, while in two it was intermittently positive and in one it disappeared for almost two years after being present on several occasions (this was not the same patient as the one who had normal alkaline phosphatase values). The antimitochondrial antibody was found in a titre of at least 1/80 in all patients and in half it was detectable in a titre of equal to or greater than 1/1000. The diagnosis was supported by histological findings in all patients who underwent biopsy, though in many cases the diagnoses were Conversionz: SI to traditional units-Bilirubin: 1 Vmol/l 0-06 mg/100 ml "consistent with" rather than "diagnostic of" primary biliary cirrhosis. The diagnoses were based on six surgical and 50 percutaneous biopsies. During the study it became apparent that the distribution of cases throughout the city did not correspond to the population density (see figure) , and there was suggestion of possible clustering in certain areas. These areas did not share any geographical peculiarities, nor were the patients confined to any socioeconomic groups. None of the patients were known to be related, and careful questioning failed to reveal any suggestion of familial disease.
For historical and geographical reasons the city of Sheffield has a complicated domestic water supply, obtaining its water from several reservoirs. Analysis of the patients' homes with reference to the water supply showed that 30 of the 34 patients received their domestic water from a single reservoir (Rivelin). When the population supplied by each reservoir was taken into consideration, it was clear that the 773 Although other hitherto undefined factors may be responsible, the association between a common water supply and the clustering appears striking. The idea of an environmental factor in the cause of primary biliary cirrhosis is not new. Douglas and Finlayson7 reported the disease in a mother, daughter, and friend and suggested that the condition may result from the exposure of a genetically susceptible individual to a particular environmental factor. If there is some factor related to the domestic water it is reasonable to suppose that many years of exposure would be required to induce chronic liver disease, since patients with primary biliary cirrhosis often present clinically with advanced liver damage. The data presented here show that the stability of the population in Sheffield would be consistent with such a hypothesis.
What is the nature of the factor in the water ? Much interest has been shown in the trace metals copper and zinc since both have been reported in unusual amounts in the livers of patients with primary biliary cirrhosis.8 9 Analysis of water samples from the reservoirs supplying-Sheffield showed no increase in either of these trace elements in water from the Rivelin reservoir. Indeed, analysis of water for a much wider spectrum of materials has so far shown no striking differences in the water, although the water from Rivelin appears to be particularly soft and the fluoride concentration is lower than in any of the other reservoirs. Neither of these differences is particularly spectacular, and it is difficult to see how either could be directly implicated in the pathogenesis of primary biliary cirrhosis. Nevertheless, contamination may occur between the reservoir and the domestic taps, which may lead to other materials being ingested by the patients.
Copper piping-sis found extensively throughout the city, and preliminary analysis of water taken at random from the homes of patients and controls has shown as much as a three-hundred-fold variation in copper concentration from one house to another in both groups. A wide range of other substances, both organic and inorganic, may be implicated.
Sheffield is an industrial city in which many different processes using a wide range of elements are found. The imidazole ring structure of cimetidine.1 Many imidazole compounds inhibit hepatic mono-oxyxgenase function,3 and in the case of cimetidine this effect may be mediated in part through direct binding to microsomal cytochrome P450.4 Ranitidine is a new potent H2-receptor antagonist.5 The central imidazole group has been replaced by a furan ring and the side chain has been modified. We have compared the effects of therapeutic doses of cimetidine and ranitidine on hepatic microsomal function.
Subjects and methods
Eight subjects (six healthy volunteers and two patients with duodenitis) were studied after the nature and purpose of the investigation had been explained and after approval had been obtained from the hospital ethical committee. Antipyrine clearance was measured in all eight subjects and 14C-aminopyrine (14C-aminophenazone) breath analysis conducted in six subjects before and during treatment with cimetidine 1 g daily and ranitidine 200 mg daily. The studies were performed in a cross-over fashion. Five subjects took cimetidine followed by ranitidine, the remainder ranitidine followed by cimetidine. Cimetidine was given for one to six weeks, and ranitidine for one week only (see table) .
Antipyrine (15 mg/kg) was taken by mouth during fasting and saliva collected at intervals from three to 24 hours afterwards. Antipyrine concentrations were measured spectrophotometrically6 and the half life and metabolic clearance rates calculated from the semilogarithmic plot of salivary concentration against time.
14C-AMINOPYRINE BREATH ANALYSIS
The procedure was as described.7 All studies were performed on fasting subjects. After intravenous administration-of 2 iCi 14C-aminopyrine, 2 mmol* exhaled carbon dioxide was trapped in a
